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mmt. y-v&mmt. mm* v- pm&mttm 

[»*?H4] 3ME±K*v- KB*** XII 

JB*MS»t. r- hEIMiKjlSO«ffi*9llllrt-* 

[W 7 ] * V- Kit? >f'/tx5^gi 

^^-^LTSiiwiJiWifijLTEe^n^, tv-k 
nmm t mytitm t frbmrn 2 titz m-<omwi tzm-r 

4 S i O2MJ: 044iit«ttt*> * 
[ff#«8] »**7©ftfj***-*«ii-*-4K|RU « 

kii. 77»mtiSio*t»**sti; 40 

[»#«9] iv^l^ fEB^ifiSttjlW^a- h 
7 KSttoSfff. 
[0 0 0 1 ] 

M1-4 kc9T-3>£ 0 i<oi^*«ii^ E«HIt3E*» 



2 

[0 0 0 2] 

[v/cm] iiEw^m#*en*D-r4i ticioT> & 
ftt>>4 0 

[0003] m#2&mM<o^^ffi-c(i. ^^Jt-* 
t, #isii5«*fe>)oftmm^-fi«-^# < ttiz>z t# 

^ - h $> tz *) 3&+ T > ^ TflJK £ -C*«H*T* 4 o fc 

[0 0 0 4] #Bfc**fflv»T«<Mb3*tfcX£* : f-(* 
S-vT ^ n^)co^^<Dt?iJi: LTIi, 196 1^HSho 
uldersKioTO. 1 5 ? n ^-9-^ XtO^ OffcSWS 
t i ft * ffl v> g! 2 mW<OitW (Adv. Com 
put.2(1961)135#fi?.) tcov/^T^**^ 2ixr^2> 0 i 
tz, 1 9 6 8 #1- liSpindt hiZX I?, »BM£af*fflV>7t 
S^nvt'fXwy- httS$HfcE(3Ce)*£ft£#[ 
± (CE® LfcflfgfTU'f) Oft» (J. Appl . Phys. 39 (196 
8)3504#Bg)<o«#d*^ $*u JBll»aK»IHC*v»-C, 

[0 0 0 5] *S^"f^o*^-ofl|j6»ctt«*o«a*« 
#3? £ ttT Spindt h <0 co li, ft v^«H =£• t o 

r-^-So ico J; -5 ^SpindtSco^li. i5->^coig± 

&m.ztitzT ; - K»ci6j*»-aTikm$*i.**^-oikai 

-C^^o fl&»=fc««0«jt*j*o5|{^-(0«i: its i <7> 

»K 1 0 0*»c, 1 0 0 0«eKunMB*it4i t Srfflv> 
T, x5»; ^jfeJ»2tt(= 1 0t07* [V/cm] gS<0 
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[0 0 0 6] Y- ^n^t,^/^ 
14, ^/h^B3PS<04"^^- b vfimm. 

[0 0 0 7] 0!)x.l4^ tf> hmX'it, Y- YfflUZWttl "» 

fo^^s ? ?#**£3£«l-*>o*, iot §tcr- Mia 

Z>M*m^X, Y- H*Itc#t#:^Oi5 
fcj&Ztl&tkm.&lzZt^X^Zo L^L, J.Vac.Sci.Te 
chnol.B13(1995)487tc$g^?tLTV^ 4 d l-Moiffl 

it)* to|t*^^^>- i^T-^ri*, Ti^Zrt-li 20 

mi* 1 v»-9 «t t-, m^mmzit^-t- 

o HPl5E^tLTV^ 0 |S)^^^l^^feT-{4#*l-^S i 
[0 0 0 8] J- 5 v ? \,zm\,*2>z\ t<DX£ 2>#®-<n<l%Z 

J2: < -r ^, 7^*i>eci4. ^igT'n-t^iceeg-r^ftij^^^fD 30 
mt. y- h=.xs -y 9%?&<n>m&\zmfi.-?hi?, ^\ « 

[0 0 0 9] dOJ; d ^ryo-f-tcti, 2 o 

•ffi-C* #g3¥8-3298232r#KP*g*£ftTV>&,£ ? 

Y- hffln&ftizm&ffj^-fm? >^r>Oti 
& B B B £ jiKK £ & - t K 4 o r , £ * o^el coftf&gs 

[0 0 10] tt*Hfl&, $>SVMi-Niag#lZ 50 



4 

? yipg^ 5 h * is x z> *mwx-$>* rJV^'s 

K, &# B B B ^*;£ B B B cDmtt«is?t, a-fbT^^-^A, & 
■ft v f 7^, *-fb * ;w v ? a & t-nm^-mmt) <o # 

[001 1 ] rn<bcotiHT-ii, mm'<> kojk**, * 

fccoco, 0. 1-0. ss?*;!' hi-mx-at ^f^L 
v»jK #§ B B B ffi^i4tcJ;oTI4^5< ictv>4: ttmm 
• Tj^l^^^r^lp, (W)x.lfJ.Vac.Sci.Technol.B13(199 
7)1733*#JH)**?-«i»* (NEA) ««« 

[0 0 12] <>oaVF»«;& (NE 

A) fcv^tf*«^/;M, S^ii, S^ioffe 

B • i^fS^SK*, **I4-co*®^/n*;w 

[0 0 13] -»<^^rt^»3ElBC3gjS$<i3t»*tt 

mmifeZk ? ttr v> ^ (fiF|l £ (fScience 282 (1998) 14 

71#.BB) £ CD»-g-N E A S-flJffl Lfc^lfcta t It A 

^•), d&-f u*fisip«> K^feww^-ttattieifer 

m^<> ktj- h om^&tb #i(sci « r t ^ 19 , -^-r l 
*> «T«*a * o/h $ $ * a@s<) tcf uffl l ^ * - x a -c 

[0 0 14] in"bco^J?co#< »i, -?-cD#m 

com^&ffiiclt^, WSMScttWtt* 1 , «®tt®co|E<bo 

r«*W4»Jt-c**i t u«4SEt> *) 
[0 0 1 5] ^JKW3H-0*jliflli6*fflv»fc*?-JStHJ3lf?- 
14, -E-co#14^\ -ttU*lB«®K*1ir»C«C«*fc», 

at 1 oco-7^^-^ 7*h-;vJ^Tco^tr*^wt$g 

v^m^-ttlBfE^Ji, 1 OcD-^-f 5f 

(Wlx.l4*J.Vac.Sci.Technol.B16(1998)1207*#fl?.)o 
[0 0 16] iiltONE Aife® • miiEA<&M(^ 

t, NEA»K<0«lt ; f-*fflv»4*ttO2ojJt*& 0 ft 
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-f-rru-v 3 \zzz>m#&im i gzixx 

(0 0 17] ZixhW&lzi^XftWiZtifzmi. & 

m& <omm ^*ltv^^ &&mvmm w — ttu 

®, ^SloS^JS&feffi?? ? h 4 (F 
ED) Icfflv^^iSi: LX<DJ&m*%x.tzt It:, ft io 

[0 0 18] itz, yj**> K4 Btrt 
10 0 19] iiLfeOMBIl, ^#CDT7"D-^IC*^ 

>t-fx©flg B B B ii, mmmff)m&.<om&x-j:m£.m2 

[0 0 2 0] iOJ:^*«tt^«rfflv»3t«aaiao«^ 
ikia* ; f-Ofll3t J ? , «ft»=MLr.i, J.Vac.Sci.Technol. 
B14 (1996) 2060^ *S#^5019003-§-^«B#. 
8-241665<&#, #HfW8-77916<2r$S, i|#S¥lO-92294<& 
flU -?-LT#Bg 5 Fl0-92298<2r«Hi3V^r$RS • M^$ft 

[0 0 2 1] J . Vac. Sc i . Technol . Bl 4 ( 1 996 ) 2060 30 
\*yy*mi,tzir<l Kftfi^(figi ^m*lj£)o 

±, 0 4 1:^^9 1:, J- 5 y ^Kltt^- HKHI*** 

[0 0 2 2] itz, *a#!t^5019003-^B^*(cP^^ 40 
**LTV»4W-Cli, EI 5 (C^i-J: 7 fc, **£l00_hK, 

ws.=f-<r>-nx, m^ftzife-zx^kUfr&mmnfrh 

<o»2^-2oi * fci±, ji*M203r*ao t^O^&*^ ; ?- 
202m>-f;l^-C^> iv\ UTIi, Mo 
*\ T i C&£W*rf'9* < iTV'&. iq«flfi:tt. 

m\&m=f-itirz>tztb<o, y-y%.z>\ i&mztitzw** 

UW.1r ktzib<?y%M(T J - K)*E«i-*«ji^"=»v»r so 
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tf?ixtv5„ I6l:*tJ:?t:, 26«100JiKtt» 

09T$v^ >©±i:y- M0l£El£U £e>lc-?-<o± 

LTO^f^^^^i-X-ZU- h 404 1 ^^>S403* r 
iSftSfl, FED(Ofil5it^o-CV-&o L#>L,fc3S*t>, 

nymm^mztix^b x 3 fc^&r-it&om&^s-;*: 
y- y zonxm^tiithmTnT u^r t L-ra*±»f 

wctum^® tt»***.i £ a, ^ra--e* & £ 1 7&*i?*s 

tl^o £<?>*:*!>, #^^*|S|-tc-t-S/t*»c(i, #< 

*<±ft< #<Oftfi?lii? LT*MBL* 

L<®7L« T4 A-f^-t LXWf^X-^it^m^tth 
Sfc, S6T-J4, Sififx^ 7^201^*6 

abiotic t*-&7t*i>, i&m&.m.n&z. *) *c-t^m&t 

[0 0 2 3] #M¥8-241665<&$R<OCTfc, nW&flljiO 

f ^SSt 10~300nmti ») /h £ v»fc 46, #i£ffi 

Jil-^:tt^«mtt*®520±lc^(D^^ > Ktt^F 
53*IS:EL, -€-(0±lc(-7^.^eT-62Sr-7^^ t LX)& 

[0 0 2 4] £*t<bO»flHi, 4flfWl0-92298fi«Ui3 

[0 0 2 5] S^:, 4f P^^^gie^OWCti, 111 9 
C/Tti ^ i:, ||i±i:x; 7 ^E«|>g32S-8S:fiL, 
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^■tr**#940**li«**i-Ci» I), ©j& 

y 9 i & tr^tm^940 Sr SB tr J: "9 **&E914bi 
r- MI£907brt J 13:B£*tTv>* o i©fgj£©i§£-t;£;^ 

ffcia-c* **?\tttH3iHF- crv'f©*! ^imMmm^ 

[0 0 2 6] $<s>K, 4*BBSFl0-92294&*»C**ixTV» 
&08TMiEI 1 0 fC^-f i ? I". Tg|5*«100K * V — K 
«;g?>f >1002©±K*£if$*1003, r- h«l£4£lS:S 

U HnWioosfctttt, -ofi- » 20 

mvmmtfm^vftwiftiz&ik L^tv. 

[0 0 2 7] -f-LT, Cin.ii^rrotf!!tCj3tt^*S<OFp^ 

f*j tc is v> x n^m m <b m s n. a mat © ***** 

©M£ttTV>£i&gj9 J £>&o £©£#(::> ©11*1*1 30 

mat * * 3: ftr v> & & o L 

3»»L £it.S>K*SV»TI4, £© J: -9 &«SEftUIK£ 

[0028] --ft. m.^tiLmm+zmm Lfc****, 

-92298^<2rf&© J: 3 ^mT-ScWf^i: -t*L*fflv»fef^ * 

yi"(si* ! tSo ia 1 3 , @i4*ffl^t±aL)tt 
ftifiitf-f ^7*H ^fitcov^ria^1-^ 0 t£*© 
m^Hljl»±l2l 13, HI 1 4 K^1"<fc tajxJf #*9 40 
*#J: "9 «:«T»*«5001O*B±C»«O«»O* V 
- K«ffi9>f V 50027^^ £ ft, -5-©±(-ft»Kli!c©/h 
$ £ ^ *»JK5007**, * fc-€-©±lC«fi^S5003 

LtS«i:«i*<oy- YUM? 4 >5004**^fiS;$fLT 
v»*„ * V- K*«9'f >5002tr- htl7-f >5004 

4 >5002J3iU f #y- hWS^'f >5004J4*l»¥a5015 

*9W >5002i^- hfcffi? -f >5004i: ©#£g|H£K so 
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J3V>TI4, r- Hl7^f > 5004 5003 iM®L 
T»R7tc£i-&#»©l&H»O?L5()05#J&JfltS:fU i 
ft <b 7L5005OJBE » O0R5OO7 Hfffi * J* L T v » 4 „ 
i©mT-»ttiij)i^fflv»/cT'^^7 s U'f-Slfi©CT^|gi 4 
f 4 *7 p W«tt5020li±»LfcW^ttiBW50 
12*lBlE*fl*Jft-*-*.MC#»E«Lrt:»*ti:, -©£& 

&*I50287J f UHt <b *IT v> 4 o - ©±g&£*£5028©^;6& 
ffliB5012i:itfil-r&<t«Kr- hm®^^ >5024i:¥ : lf 
4Wtt03r3fc#3ft f ifc* $ ti7c^7t®5029* ? ?f^ $ *U S 
fc, m^-JiScm^5012i: ^7£ffi5029i OfBJI4H^U«feft 
tzmJ&lZtt-^X^ho %.l,Z y Z\<D74 Xy°l"tgiWS020 
©iEtttcov^T^^o Mf^*#fi£i-4Bfr^©lffi*ffii* 

o*^-jkaaB5oi2Sr, *<Dm.=F-tiiiiimso\2t-w:-fz3z 

mW*G1-Z>* V- K^g7^ >5022tr- h^ffi7 
>f >5024*«I»*S5025»:J: »)SifJL, WJt«)*ffiSr*» 
»t* 0 -r©m^Scmif.50i2ii®jfeL, •€•© 

ffi 9 V 5022 try-KtJbS ±gB*«5028© F«1 \z EP in 
§ ft^Sffi tie X%=f-\$m&Ztl-. &*B5029©£# 

[0 0 2 9] * V- K1S7^ >5002i:y- YWM? 4 
>5004©5!M«^I4> «^e*glS#:St L^^^^'v 

Q= cOX c XA/d - (1) 

c0 : *^©S«^ 
tr : *&mm<owsm& 

a : ^M^J*©®a 

d : mmmw- 

x&zox, mmmzz-vj'ti'fufrx-m&zixx^z 

2W=2HQV2 -(2) 
f : IE16S?£i5: 

v : mb&E.(.Y- 9m 

-Y^«fl±ii#, ffiSS5003©*tfl-i: LTiiS i 02* J 
-tefi<Jtcfflv>iba4c CVDffM?*itSi02l 
4. 3gJS-c-*t?, * (i) r-s^fi^^ 

*W s S*HJSLTK«li{.-&*:*K«IMiI!ESrlilJP-ii:y** 

[0 0 3 0] 

[^«ftLi d t-r-siss] mm<Dtoi,z, e&*© 
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tz e 

[oo3i] ttz. r-< x^u-fommvmTjioiS)--®. 

Z> t tiX V> & V>jft (Z Pp^JS^* O fcc t fc, 

fig <o$&± * ifp x. , v> fzm^mtam^- z 

[0 0 3 2] ^aEK-fcaW^-ftfliSfrT-li* ^- hmt 

[0 0 3 3] Zfz. ♦ftWUiijt^Xfli, ffimJEfg 
[0 0 3 4] 20 

[0 0 3 5] -f *»9j*-<0«j6li, 

m t , 1Mb* v - KEHui tmriB'r- y mmm t *m^; 
m^Mf&^nfzm^wnam^-x^-ox, mtzw^m^m. 

B&m&W h%Z>&tt* Ki&SISt&B^ **3-ffc L fc* 30 

\z i o -c jgfiS; £ a tz i> <o x %> h z. t £ #$c £ -f z> > 
[0 0 3 6] 4fc, ±E*»W*-0«jSC«4, JEfc*© 

tf i><DX$>Z> 0 

[0037] ttz, *f&mm=L0>«.&it* i.mvm.^mt 

[0 0 3 8] -f-LT, ^%^tci*^3(|?-l±, *V- 

i7>f >^^-r^»y- ^ > t ;6 ^ JlI^^J&J^5<;£;i^ 
frbM!$2ti?zm-<omwLt z^-tz>%mm : ¥-x$>'o 
x, «rE»-o**±oifi»»j&»7*Sf*-s-#i-4S i 

O2BU •) t, OT-ib^o 

[0 0 3 9] fLT, ^S&WKisa^ff^OjiijiS; 50 
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S i 02MSriE*E£«i-*-tCJ:oTB 
[0 0 4 0] &±<D&*\Z.£<>XffiJg.2nZ>*§ky}lZ£ 

mzt>tz<>xfy-%ft&*n^^11ii&fii=f-<nT\s4 * 

[0 0 4 1 ] COJ: J: fiJdT, 

# * fl-tt S * Sfii;^ O fc o 4: *«« BRJft* J: o 

JfpSlJi" -J. i i: tfajm ttt^tzo ifz, 
[0 0 4 2] 

[0043] Hitt, ^fleat^istt&m^ifcffi^oflf 

*i* V- KSHS> 3l±S»tS, 4ttx? y 

[0 0 4 4] mm<Ott&b Ltli, 5^**9^.. 

<0SS«rS i 02fc^©*6*K-C«ofcSMflE, 

/< V 7lOBI^kRt«S LfcT^ 5 - S 

[0 0 4 5] ttz, *«ic0±trtii5 v9WMM2±m 
«Htv>J. J-5 u/ ^E«RS2C0##i: Ltti, -iK 
W4*flaH-3H-S:fflv»4i4:**-CS*c- WlxtfN i , C 
r> Cu> Au, Pt< Ir, Pd, T i, A 1 , M 

t± 1 00nm~50/i mgjg, if 4 L<li500nm~ 
20/z m8KT*4. -X5 •> 9&mm20&&1j&£ L 
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[0 0 4 6] f Ltx^ -j ?Emm<D±izamm5. 

WX&X-mWkZtltzS \ O2, AI2O3, MgO. T 

filCioT^^Bg^tf^n&LPD&lCi^S i 02 
BfKO^rtW Lv>o LD Pf£<DtefflB#K, TUSBIS*? 

CVDft^rfJfv^T, *C5^C*S i 10 
J&fiK L x a < £ £ Tffl v>a c: t ^-c % * o 

[0047] Ymmw-ftPr^'i^x^. — ^a-j 

fc«#*m* s flJffl-C#, -€-«9jjgUf4, 1 0 0 nm~ 5 /i 
maS, $f £ L < 14 2 0 0 n m~ 1 fx mfliKT-fe^o -x 
5 -j *E*«fcP»iaUctt;llfN i , Cr, Cu, An, 
Pt, Ir, Pd, Ti, Al, Mo, W4 fd^S 
■*>, *<0&&Zm^2>ZbtfX'&, it? i L < lififfitfc, 

&„ T»Ki:0+****tt*«»?>*i.4v»##l±, T i 
Cr4r^«5***r<*<«SMIfcLrWKJgJ«L 

[0 0 4 8] MJ«Ui6i:*6lt*5*Jt<BIIP«7l4 
B&R)g& LT33 •) , -f-OESli 2 0 0 n m~ 1 0 ^ m<0 
f6Hlct^^i:* ? T-#, 5 0 0 nm~2,umOtEH^J|X 

[0 0 4 9] HJP»F'J«fc»i«flt«3i:.x5 9 jrfm? 

t£cD#*t3al::l4, S i O2* >K'M 5 K, 

f70> (SfgiSiK) iWffiftSfflV'Sit^tl 

«P£ L<, 4f*L<li5nm~500nm, # 

K*ff£L<l4, 5nm~5 0nmOKli:]Riorv>5 

ii#ffiLv>. #y<f 3 K*iro#«»»4ffi*r*«- 
ij»t*flUK-cofeffl*»4r<«*-c* "3, +5-^**^da 
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[0 0 5 0] *5SWCffl^&<SfcH[^iS v9K<H 

(c-BN) , A^flfiffcW* (h-BN) , fijfcr/u 
(A 1 N) ft2f«>m?-MDAO««r<h$v«tR 

e02, H o 02&£*«®Hfc^#*R=> H f C, ZrC, 
s i c, »iro«'ffc**rfl-o*fi^F#»*fflv»«i:i t 

T-#^>o iitfeWfltta^fl-weSli, 5nm~500 
nm, #1:, 5nm-5 0nmOffiii:lEJcTi/^; 

«x (c-bn) , *#asMb«* (h-BN) , ait 

T;W5-->A (A 1 N) fc^O«*W-*W«:JBv»*lW 

K 14, *«y7XvMI^, yvXvjsi 
ili:7K*T--;v^if<^M ! S, c-BN^, h-BNO 

fc*5(ST--^*ifW«! ! S, *4v»»4, .S.9Rft94<lfe 

(4. **>T9X^»3a^» x-7*fl.gt7k*T- 
nasfci4paa»c k- tr s ti -c v» a r t l 

[0 0 5 1] ^W-V^e> KO»frli. fi*»cJ:«11»K 

[0 0 5 2] o||:, *»WKi3»t4m?-SttH*^*>« 

[0053] HI2a> 2b 14, *J|9J|:fiv>T, **t-e r 

m&-?Z>tzib<Dmx$3Z>o i;Tfflv>4EfoHx 1 
*»t,7l4. El 1 X-m^tz tWlCitI&LTV>4o Sfc, 21 

24l4«KlCfflv^«Sepjp#S, •eLT23J4itia]* 

[0054] *&wiz&\,*x, tmmztt^vizmL* 

4^:*, H12 a, 2 b Hi3lt-5.Eat4[^-<7)fe<OT-^ 
4 0 »m*«t*^-af*i:OHI123, 55-ticr#i« 

22, ®sen*n#-S24i; 4 o rensp s ftaSEEtf-s-fi-e 

[0055] -r»*>t), s^*i&sti4, wifi]-r4^« 
m~mzztLtz®M*\zftw>zixtzmi**®M.mz%i 
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»t ^ * *> f * f S-ffl n Z> £ £ ^T- # i> i)K Zfih \z 

R4*#ai«MU 1 0 0 0 V/mmSflEt?*4o 

[0 0 5 6]-&£* S^&ftl (electrophoresis) li> 
^flE1i^fckt& (di electrophoresis) £ rll^l £ ^ i 

V/ram8K-eJ:v>,gftmi <^&o 
*J , (80 BffllHUfrHttfMT (1996*0 . 20 

[0057] Lfc#ot, *»wtwij»t&agtJB*e.a r 
mffien*D#g24ic«t<pTenin?ri^«JE [v] t 

230^m®i5g^*«iWlfflB5 [mm] OJt** 1 0 0 

osjs-cabfti* iv. -e-Lt, *f i l < n^-n^n, 1 
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